INTRODUCTION
============

Subclavian artery aneurysms are rare. Open surgery can be performed through a median sternotomy, a left thoracotomy or a supraclavicular approach, depending on the location of the aneurysms \[[@B1],[@B2]\]. A less invasive endovascular treatment using stent-grafts has been recently reported, which requires acceptable proximal and distal landing zones \[[@B1],[@B2]\]. And according to the anatomic relation of the aneurysm with the carotid artery and vertebral artery, complex extra-anatomic bypass is needed.

We present here a case of hybrid surgery to treat a patient with a complex right subclavian artery aneurysm. Endovascular stent grafting of innominate to carotid artery was combined with carotid-subclavian and carotid-vertebral bypass.

CASE REPORT
===========

A 70-year old woman with a history of hypertension presented with an aneurysm of the right subclavian artery. She had suffered from dry cough and hoarseness for 1 year.

Computed tomography (CT) angiography revealed a 50 × 49 mm size, true aneurysm of the right subclavian artery. The aneurysm developed from the innominate artery proximally and extended to the right subclavian artery distally. The right vertebral artery was originated the aneurysm, while the left vertebral artery was occluded ([Fig. 1A-C](#F1){ref-type="fig"}). We planned to adopt a less invasive approach including a stent graft of innominate artery to carotid artery and extra-anatomic bypass as shown in [Fig. 2](#F2){ref-type="fig"}.

Under general anesthesia, after harvest of the great saphenous vein (GSV) for carotid-vertebral bypass, a subclavicular incision was made and the axillary artery was isolated. Then an oblique skin incision was made along the anterior border of the sternocleidomastoid muscle, and the common carotid and vertebral arteries were exposed. An 1 cm-long vertical incision was made below the carotid bifurcation. A Pruitt-Inahara carotid shunt (LeMaitre Vascular Inc., Burlington, MA, USA) was inserted through the arteriotomy to reduce the cerebral ischemic time. An anastomosis was made between the common carotid artery below the arteriotomy and the vertebral artery using GSV ([Fig. 3B](#F3){ref-type="fig"}).

The proximal anastomosis of the carotid-axillary bypass was made with a 7-mm reinforced polytetrafluoroethylene (PTFE) graft (W.L. Gore and Associates Inc., Newark, DE, USA) in an end-to-side fashion at the site where the carotid shunt was inserted ([Fig. 3C](#F3){ref-type="fig"}). The carotid shunt was maintained until the completion of the posterior wall suture and the beginning of the anterior wall suture of the anastomosis.

And then percutaneous access was obtained through the right groin and a 5-French pigtail catheter was advanced into the ascending thoracic aorta. An angiography confirmed the patency of the carotid-vertebral bypass.

A 6-French sheath was introduced through the side of the PTFE graft in the right common carotid artery. A Berenstein catheter (Terumo Co., Tokyo, Japan) with a guide wire was inserted, with the tip of the catheter advanced into the ascending aorta. The size and position of the stent graft were assessed on the angiography. The Zenith stent graft with a diameter of 12 to 16 mm and a length of 72 mm (Cook Medical Inc., Bloomington, IN, USA) was reloaded in a reverse manner using umbilical tape ([Fig. 3D](#F3){ref-type="fig"}). The stent graft was deployed from the innominate artery to the common carotid artery for excluding the origin of the subclavian artery ([Fig. 3E](#F3){ref-type="fig"}).

Since the thyrocervical trunk, costocervical trunk and internal mammary artery were already occluded on the angiography, further embolization was not required.

Finally, the graft was anastomosed to the axillary artery in end-to-side fashion with ligation of the axillary artery just distal to the aneurysm ([Fig. 3F](#F3){ref-type="fig"}). Completion angiography of the aortic arch showed good flow through the stent-graft and bypasses with complete exclusion of the aneurysm.

There were not any perioperative events including ischemic symptoms of the brain or arm. Postoperative course of the patient was uneventful during 1-year follow-up. And in the second month after operation, the hoarseness and dry cough disappeared completely. A CT angiography showed complete exclusion of the aneurysm without any endoleaks, and the maximal diameter of aneurysm decreased to 40 mm from 50 mm ([Fig. 1D-F](#F1){ref-type="fig"}).

DISCUSSION
==========

Subclavian artery aneurysm is the rarest peripheral artery aneurysm. Up to one third of the patients with this aneurysm are asymptomatic, and intrathoracic aneurysms are more likely to be asymptomatic and they are very difficult to be found on a physical examination \[[@B1]\]. The symptoms of subclavian artery aneurysm are brachial plexipathy, Horner\'s syndrome, dysphagia and hemoptysis. Other symptoms can develop as the result of complications such as rupture, thrombosis or upper extremity embolism. Physicians dealing with these aneurysms have to be fully aware of the potential for multiple aneurysms that can be aortic, visceral or peripheral \[[@B2],[@B3]\].

The natural history of subclavian artery aneurysms is not well known due to the limited number of cases and the high rate of surgical intervention. No reports have documented any correlation between the absolute size of aneurysms and the potential risk for rupture. But elective surgical repair is mandatory for subclavian aneurysms even when they are asymptomatic, because they tend to increase in size with an increased risk of rupture, thrombosis, embolization and compression of adjacent structures \[[@B4]\]. Any complications such as thrombosis, embolism, rupture and rapid growth with increasing symptoms are absolute indications of surgery \[[@B1]-[@B3]\].

The treatment of large sized subclavian artery aneurysms has been surgical. Open surgical repair of the subclavian artery necessitates an invasive approach with sternotomy or lateral thoracotomy. In a series of 13 patients who underwent open surgery for subclavian artery aneurysms, the postoperative complication rate was reported to be 46% \[[@B5]\]. Endovascular treatment of the subclavian artery with a variety of devices and approaches has been reported in the literature \[[@B6]-[@B8]\].

There have been two case reports that are similar to ours \[[@B9],[@B10]\]. But the operation in our case was different from these cases. First, the operations were done via a supraclavicular incision in other two reports. But in our case, two separate incisions including a subclavicular incision and an oblique incision along the anterior border of the sternocleidomastoid muscle were made. We think that the separate oblique incision is better for the exposure of the carotid and vertebral arteries. Second, the left vertebral artery was occluded in our case, so right vertebral artery bypass was inevitable and we tried to reduce the cerebral ischemic time during the anastomosis. We decided to use a carotid shunt with the method shown in [Fig. 3B](#F3){ref-type="fig"}, and a carotid-vertebral bypass with a GSV graft was performed with a minimal cerebral ischemic time. Third, in the other reports, the costocervical and thyrocervical trunks were ligated, but we tried to embolize them with coils ([Fig. 2E](#F2){ref-type="fig"}). But on the angiography, the costocervical and thyrocervical trunks were already occluded by the thrombus in the aneurysm, and so we didn\'t perform coil embolization.

In conclusion, we successfully treated a complex true intrathoracic right subclavian artery aneurysm by a stent-graft combined with extra-anatomic bypasses. This hybrid operation can be a useful, less-invasive alternative to open surgical approaches via sternotomy or thoracotomy.
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![The preoperative (A-C) and postoperative (D-F) computed tomography angiography.](jkss-82-195-g001){#F1}

![Preoperative plan of the hybrid surgery. (A) The anatomy of the right subclavian artery aneurysm. (B) Right common carotid-vertebral bypass with the great saphenous vein graft. (C) Proximal anastomosis of the right common carotid-axillary bypass with a 7 mm ringed polytetrafluorethylene (PTFE) graft. (D) Stent graft from the innominate artery to the right common carotid artery via the PTFE graft. (E) Coil embolization of the branches. (F) Distal anastomosis of the right common carotid artery-right axillary artery and ligation of the axillary artery. Rt., right; VA, vertebral artery; CCA, common carotid artery.](jkss-82-195-g002){#F2}

![Intra-operative pictures of the hybrid surgery. (A) Exposure of the right common carotid artery and right vertebral artery (blue arrow, carotid artery; green arrow, vertebral artery; black arrow, vagus nerve). (B) Right common carotid-vertebral bypass with the great saphenous vein (GSV) graft (black arrow, GSV graft; blue arrow, carotid shunt). (C) Proximal anastomosis of the right common carotid-axillary bypass (black arrow). (D) Reloading of the stent graft. (E) The stent graft from the innominate artery to the right common carotid artery (black arrow). (F) Distal anastomosis of the right common carotid artery-right axillary artery (blue arrow, right common carotid-vertebral bypass with the GSV graft; green arrow, right common carotid-axillary bypass with polytetrafluoroethylene graft).](jkss-82-195-g003){#F3}
